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(Si) Apparatus and method for assembling circuit structures, 

(57) Apparatus and method for assembling circuit 
structures in an assembly line process. The 
apparatus responds to a set of program instruc- 
tions by selecting components in a predefined 
sequence from a plurality of components and 
aligns each selected component to correspond 
with an orientation defined by the program 
instruction set required to mount the selected 
component at a specific location on a circuit 
board. The apparatus is controlled by the prog- 
ram instruction set to electrically configure and 
program each selected and aligned component 
in real-time in accordance with a configuring 
and programming subset of the program in- 
struction set and to install each configured 
component at a predefined circuit board loca- 
tion. 
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Technical Field 

The invention relates to apparatus and method for 
assembling circuit structures and in particular to as* 
sembling circuit structures in a continuous assembly 
process. 

Background and Problem 

In manufacturing operations, electronic appara- 
tus may be constructed of circuit structures, such as 
circuit boards, which are individually assembled and 
interconnected to fabricate the electronic apparatus. 
Such circuit structures usually consist of components 
mounted on circuit board conductor pads intercon- 
nected by electrical conducting paths to control oper- 
ation of the components to perform functions for which 
the circuit structures were designed. Circuit structures 
are assembled with components mounted on circuit 
boards. Typical components Include logic gate and 
element arrays, microprocessor and memory devic- 
es. 

Each one of the logic gate and element arrays, 
microprocessors and memory devices must be 
uniquely configured for each circuit board application 
in order that the circuit board may perform the intend- 
ed operational functions of the circuit structure. A logic 
gate array may have a large number of NOR and AND 
digital gates connected to terminals of the array there- 
by enabling the gate array to be used in a wide num- 
ber of circuit structure applications. However, the gate 
array may be required to be configured for a specific 
circuit structure application where only certain NOR 
and AND digital gates wiH be required. Remaining 
NOR and AND digital gates must be disconnected 
from the array terminals or rendered inoperative in or- 
der that the gate array may be used in the specific cir- 
cuit structure application. An element array may have 
a large number of series or parallel resistor or capac- 
itor elements which must be configured by discon- 
necting resistors or capacitors from the array termi- 
nals in order that the element array may be used in a 
specific circuit structure application. Memory devices 
are configured in size to meet certain circuit structure 
applications and both microprocessor and memory 
devices may be configured by programming the de- 
vices with firmware program instructions that control 
operation of the. circuit structure. 

Presently, components are configured for a spe- 
cific circuit structure prior to assembly of the circuit 
structure and placed in reels or storage devices sub- 
sequently located at an assembly line in order that the 
components may be removed from the reels and stor- 
age devices and mounted on a circuit board. In as- 
sembly, It is desirable that different types of circuit 
structures be assembled on a single assembly line in 
a continuous operation and that the configuration of 
components be coordinated with the assembly proc- 



ess so that each component is uniquely configured 
and programmed for each type of circuit structure at 
the time of assembly. A problem arises in that com- 
ponents are configured and programmed for a specif- 

5 ic circuit structure prior to the time that the circuit 
structure is assembled. Another problem arises in that 
a circuit structure assembly line must be changed to 
add and delete component reels and storage devices 
when one type of circuit structure is replaced by an- 

10 other type of circuit structure. Yet still another problem 
arises in that it is necessary to stop the circuit struc- 
ture assembly line and replace ones of the micropro- 
cessor, memory reels and storage devices when it be- 
comes necessary to replace firmware program in- 

15 structrons stored in a microprocessor or a memory 
component with a later version of the component pro- 
grammed with new firmware instructions. 

Solution 

20 

The foregoing problems are solved by apparatus 
and a method arranged for assembling circuit struc- 
tures by configuring and programming components 
and assembling the configured and programmed 

25 components on circuit board in a continuous assem- 
bly process. In an exemplary embodiment of the in- 
vention, apparatus responds to a set of program In- 
structions by controlling a robotic structure to select 
components from a plurality of components and align 

ao each selected component to correspond with an ori- 
entation defined by the program instruction set re- 
quired to mount the selected component at a specific 
location on a circuit board. The apparatus is controlled 
by the program instruction set during a continuous op- 

35 eration of the assembly process for electrically config- 
uring and programming each selected and aligned 
component in accordance with a subset of the pro- 
gram instructions and installing each configured and 
programmed component at a predefined circuit board 

40 location to assemble the circuit structures. 

Brief Description of the Drawing 

FIG. 1 sets forth apparatus for assembling circuit 
45 structures by configuring, programming and 

mounting components on circuit boards in accor- 
dance with principles of the, invention, 
FIG. 2 illustrates a general configuration of con- 
trol processor 1 and configuring and program- 
so ming apparatus 3 set forth in FIG. 1 of the draw- 
ing, 

FIG. 3 sets forth illustrative programs and proc- 
esses used with control processor 1 and config- 
uring and programming apparatus 3 set forth in 
55 FIGS. 1 and 2 to control apparatus of FIG. 1 to as- 

semble circuit structures in accordance with prin- 
ciples of the invention, 

FIG. 4 illustrates a flow chart of the operation of 
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control processor 1 in controlling apparatus of 
FIG, 1 in assembling circuit structures, and 
FIGS. 5 and 6 illustrate flow charts of the opera- 
tion of control processor 1 and configuring arid 
programming apparatus 3 In controlling appara- 
tus of FIG. 1 to configure and program compo- 
nents during installation of components onto cir- 
cuit boards while assembling circuit structures in 
accordance with principles of the invention. 

Detailed Description 

The apparatus set forth in FIG. 1 is intended for 
use in a continuous assembly process wherein a set 
of program instructions stored in control processor 1 
controls apparatus to assemble circuit structures by 
selectively mounting configured and programmed 
components, such as components 501, 511 and 522, 
onto circuit boards 60 through 63. The apparatus re- 
sponds to control processor 1 by selecting compo- 
nents 501 1 511 and 522 in a predefined sequence 
from component storage devices 50, 51 and 52 or 
reels of components and aligning each selected com- 
ponent to correspond with an orientation defined by 
assembling circuit structures program 100, FIG. 2, 
hereinafter referred to as program instruction set 100, 
required to mount the selected component at a spe- 
cific location on one of circuit boards 60, 61, 62 and 
63* Control processor 1 is controlled by stored pro- 
gram instruction set 100 to electrically configure and 
program each selected and aligned logic component 
in accordance with a subset of the program instruc- 
tions 100 and to install each configured and program- 
med logic component, FIG. 1 , at a predefined location 
on circuit boards 80, 61, 62 and 63. 

The apparatus may include an assembly line unit r 
not shown in detail, and which is configured in the 
well-known manner used in manufacturing opera- 
tions, to receive and hold circuit boards 60, 61 , 62, 63 
while the apparatus of the invention selectively 
mounts components 501 , 511 , 522 on the boards dur- 
ing assembly of circuit structures. 

Components may be different types and styles 
which are well-known and need not be described in 
detail for an understanding of the invention* One com- 
ponent, such as component 501, may have a gener- 
ally rectangular configuration wherein terminals in- 
tended for surface mounting component 501 on a cir- 
cuit board are embodied along bottom edges of com- 
ponent 501 . Component 501 is assumed to have one 
corner formed with an angle configuration that identi- 
fies component 501 such that the appropriate termi- 
nals may be aligned with corresponding mounting 
pads of the circuit board when the component angle 
configuration is properly positioned on a circuit board. 
It is also assumed that component 501 comprises a 
large number of logic circuits, such as resistor and ca- 
pacitor arrays and combinations of AND, OR gates 



and similar type of elements, or microprocessors and 
memories, that must be specifically configured and 
programmed for various types of circuit structure op- 
eration. Thus, circuit board 60 may require one type 

5 of configuration for component501 where only certain 
ones of the resistors and capacitors are required and 
the circuit structure design does not require AND or 
OR gates. The circuit structure utilizing circuit board 
61 may require a configuration of component 501 hav- 

10 ing various AND and OR gates but does not require 
resistors or capacitors, A circuit structure utilizing cir- 
cuit board 62 may require various combinations of re- 
sistors, capacitors, AND and OR, gates, microproces- 
sors and memories provided by component 501. Sim- 

15 iiarly, circuit board 63 may require a totally different 
configuration of resistors, capacitors, AND and OR 
gates than circuit boards 60, 61 and 62, 

Component 51 1 is assumed to have a generally 
square configuration wherein terminals intended for 

20 use in surface mounting component 511 on a circuit 
board are embodied along bottom edges of compo- 
nent 511. Component 511 is assumed to have one 
comer thereof formed with a downward extending 
projection configuration identifying the configuration 

25 of component 51 1 such that the terminals thereof may 
be aligned with corresponding mounting pads of the 
circuit board when the component projection is prop- 
erly positioned on a circuit board. It is aiso assumed 
that component 51 1 comprises a microprocessor that 

30 must be specifically programmed with subsets of firm- 
ware program instructions defining operation of the 
circuit structures. Circuit board 60 may require one set 
of firmware program instructions which are different 
from the set of firmware instructions required by circuit 

35 boards 61 , 62 and 63, each of which may require dif- 
ferent sets of firmware instructions for component 51 1 
than those required by circuit board 60. 

Component 522 differs from component 611 in 
that it is assumed to have a generally rectangular 

40 shape similar to component 501. However, compo- 
nent 522 has an indent at one end that distinguishes 
component 522 from component 501 and is intended 
to be engaged with a corresponding circuit board pro- 
jection thereby enabling the component terminals to 

45 be aligned with corresponding mounting pads of the 
receiving circuit board* It is assumed that component 
522 comprises a microprocessor that must be specif- 
ically programmed with subsets of firmware program 
instructions defining operation of the circuit structures 

so and with combinations of resistors, capacitors, AND 
and OR gates. Each circuit board 60, 61, 62 and 63 
may require different sets of firmware instructions and 
configurations of the resistors, capacitors, AND and 
OR gates required by the circuit structures embodying 

55 the circuit boards. 

It is to be understood that the above described 
components are merely illustrious of a wide variety of 
components that may be used with the present inven- 
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tion and which may have different physical figures, 
configurations of circuit elements and require different 
sets of firmware programs instructions than compo- 
nents 501, 511 and 522, 

Components 501 ,511 and 522 may be stored in 
storage 5, such as In storage devices 50, 51 and 52, 
magazine, drawers, shelves, reels or various combin- 
ations of different types of storage devices. The appa- 
ratus of applicants' invention also has alignment ap- 
paratus 4 having a plurality of apertures 40, 41 and 42 
each constructed to receive ones of components 501 , 
511 and 522 and position each received component 
in alignment with a circuit board mounting location de- 
fined by program instruction set 100, FIG. 2, control- 
ling the operation of control processor 1, FIG. 1 . Align- 
ment apparatus 4 is arranged such that a received 
component, such as component 511, is inserted an 
aperture 41 which is constructed to receive compo- 
nent 511 and position received component 511 in 
alignment with a mounting location on circuit boards 
60 through 63. Similarly, components 501 and 522 In- 
serted into alignment apparatus 4, apertures 40 and 
42, respectively, are aligned by apertures 40 and 42 
to correspond with mounting locations on circuit 
boards 60 through 63, 

Applicants' apparatus for assembling circuit 
structures in real-time includes configuring and pro- 
gramming apparatus 3 for selectively receiving ones 
of components 501, 511 and 522 and electrically con- 
figuring received components to conform to specific 
physical configurations in accordance with configura- 
tion subsets 1 1 6XX, FIG. 3, of program instruction set 
100. In addition to physically configuring ones of com- 
ponents 501, 51 1 and 522, configuring and program- 
ming apparatus 3 also is arranged for selectively re- 
ceiving others of aligned components 501, 522 and 
522 and electrically programming the received com- 
ponents in accordance with programming subsets 
1 17XX, FIG. 3, with firmware program instructions de- 
fining operation of the programmed components in 
the circuit structures. In operation, FIG. 1 r control 
processor 1, operating with program instruction set 
1 00, FIG, 2, downloads the appropriate subset 1 16XX 
and 117XX into configuring and programming appa- 
ratus 3. Configuring and programming apparatus 3 re- 
sponds to programming subsets 117XX by applying 
signals to terminals of cavities 340, 341 and 342 
which operate to electrically program an aligned com- 
ponent in accordance with programming subsets of 
firmware program instructions defining operation of 
the component within a circuit structure. 

Configuring and programming apparatus 3, FIG. 
2, may consist of a computer and may be any one of 
a number of different types of computers, such as an 
AT&T 3B2-400 and 3B2-31 0 or 386 computer, or any 
one of a number of well-known processor chips. Such 
computers need not be described in detail for an un- 
derstanding of the invention and in general have a 



processor unit 30, memory unit 31 and an interface 
unit 32 each connected by address, data and control 
leads to a bus 35. Interface unit 32, coupled by data 
link 123 extending to control processor 1, Is coupled 

5 with bus 35 so that data may be exchanged between 
processor unit 30 and control processor 1. Program- 
mer hardware interface 33, connected to bus 35, has 
a number of control leads 3334 which extend to pro- 
gram nest 34 and which are connected with terminals 

10 of cavities 340, 341 , 342. In operation, configuration 
and programming subsets of program instructions 
1 16XX, 117XX, FIG. 3, are downloaded, FIG. 2, from 
control processor 1 over data link 123 and through in- 
terface unit 32 and over bus 35 to memory unit 31. 

is Processor unit 30 responds to the downloaded sub- 
sets 116XX, 1 17XX by controlling program hardware 
interface 33 to selectively apply electrical voltages to 
ones of control leads 3334 connected with cavities 
340, 341 , 342 to both program and configure compo- 

20 nents 501, 511, 522 which have been inserted into 
cavities 340, 341, 342 in accordance with download- 
ed subsets 1 1 6XX and 1 17XX. 

The circuit structure assembly apparatus in- 
cludes robotic structure 2, FIG. 1, connected by con- 

25 trol link 122 with control processor 1 and is controlled 
by program instruction set 100 operating within con- 
trol processor 1 . Robotic structure 2 selects compo- 
nents 501, 51 1, 522 from storage devices 50, 51, 52 
and inserts each selected component in a predefined 

so sequence in alignment apertures 40, 41, 42 and in 
configuring and programming apparatus 3. Each con- 
figured and programmed component 501 , 51 1, 522 is 
selected by robotic structure 2 from configuring and 
programming apparatus 3 and is installed at a prede- 

35 fined mounting location on the appropriate circuit 
board 60, 61, 62 and 63. Many different types of ro- 
botic structures may be used within the embodiment 
of the invention. A typical robotic structure 2 may have 
a base 20 which can rotate in either direction in ex- 

40 cessof 360 degrees with an upright member 21 which 
rotates at an angle with respect to base 20, Arm 22 is 
attached to and movable with relation to upright mem- 
ber 21 such that it may move upward and downward 
or in and out with respect to base 20 and upright mem- 

45 ber 21. Another arm 23 is provided with a holding 
member 24 arranged to grasp, hold and release one 
of components 501, 511 and 522 and is attached to 
arm 22 and rotates and moves at an angle with re- 
spect thereto* 

50 Control processor 1, interconnected with robotic 

structure 2 and configuring and programming appara- 
tus 3 by data links 122 and 1 23, respectively, controls 
robotic structure 2 and configuring and programming 
apparatus 3 to select components 501, 511, 522, 

55 align the selected components, electrically configure 
and program the aligned components and mount the 
configured and programmed components on circuit 
boards 60, 61, 62 and 63 to assemble circuit struo 
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tures in accordance with program instruction set 100, 
FIG. 2. Control processor 1 may be any one of a num- 
ber of different types of computers, such as an AT&T 
3B2-400 and 3B2-310, but is not limited thereto. Such 
computers need not be described in detail for an un- 
derstanding of the invention and in general have a 
processor unit 10, memory unit 11 and an interface 
unit 12 each connected by address, data and control 
leads to a bus 13. Interface unit 12 couples data links 
122, 123, 127 extending, respectively, FIG. 1, to ro- 
botic structure 2, configuring and programming appa- 
ratus 3 and computer terminal 7 with bus 1 3, FIG. 2, 
so that data may be exchanged with processor unit 
1 0. Computer terminal 7, FIG. 1 f may be any of a num- 
ber of well-known computer terminals or personal 
computers, is coupled to interface unit 12 by data link 
127, FIG. 2, so that data may be entered into and read 
from processor unit 10 and memory unit 1 1 . Computer 
terminal 7, FIG. 1, may also have, but not necessarily 
limited thereto, a processor unit 70, an input device, 
such as keyboard 72, and a display device similar to 
CRT terminal 71 . Program instruction set 1 00 for con- 
trolling operation of the circuit structure assembling 
apparatus in normally resident in memory unit 11, 
FIG. 2, and is loaded into processor unit 10 to control 
operation of the apparatus. Configuration and pro- 
gramming subsets of program Instructions, FIG. 3, 
1 1 6XX and 1 1 7XX may be included within program In- 
struction set 100, FIG. 2, and downloaded from con- 
trol processor 1, FIG. 1, over data link 123 to control 
configuring and programming apparatus 3 to config- 
ure and program a component inserted within cavities 
340 t 341, 342 during the circuit structure assembly 
process. In another embodiment of the invention, con- 
figuration and programming instructions subsets 
1 16XXand 1 17XX, FIG. 3, may be resident in memory 
unit 31, FIG. 2, of configuring and programming appa- 
ratus 3. When a selected and aligned component 501 , 
511 and 522 is loaded into configuring and program- 
ming apparatus 3, instructions are transmitted thereto 
from control processor 1 , FIG, 1 , over data link 123 to 
enable the appropriate configuration and program- 
ming subset to be loaded from memory unit 31, FIG. 
2, into processor unit 30 to control programmer hard- 
ware interface 33 to configure and program a compo- 
nent received by cavities 340, 341 and 342 of program 
nest 34. 

In operation, control processor 1 , operating in ac- 
cordance with the set of program instruction set 100, 
FIG. 2, assembles circuit structures, FIG. 1, by select- 
ing, configuring and programming and installing com- 
ponents 501 1 51 1 , 522 on circuit boards 60, 61 r 62 and 
63. Upon completion, each circuit board mounting 
ones of the configured and programmed components 
interconnected by electrical conducting paths, such 
as paths 601, 631, operates as a circuit structure in 
accordance with program instruction set 100, FIG. 2, 
In assembly, control processor 1, operating in accor- 



dance with program instruction set 100, selects the 
circuit structure, FIG. 4, steps 1 0000, 1 0001 that is to 
be assembled using a circuit board, FIG. 1, such as 
circuit board 62. Assembly line apparatus 6 moves 

5 forward such that the circuit structure assembly appa- 
ratus receives and holds a circuit board, such as cir- 
cuit board 62, while mounting components thereon 
during assembly of the circuit structure. Control proc- 
essor 1 directs robotic structure 2 by transmitting in- 
fo structions over data link 122, FIG. 4, step 10002, to 
select a component, for example component 501, in 
response to program instruction set 100 In a prede- 
fined sequence from component storage device 50. 
Robotic structure 2 grasps component 501 and 

15 moves under control of control processor 1, FIG. 4, 
step 10003, to align selected component 501 to cor- 
respond with an orientation defined by program in- 
struction set 100 required to mount component 501 at 
a specific location on circuit board 62, FIG. 1. 

20 Control processor 1 directs robotic structure 2 to 

align component 501 by inserting component 501 in 
aperture 40 of aligning apparatus 4 Is constructed to 
receive one of components 501, 511* 522 and posi- 
tion each received component in alignment with the 

25 circuit board mounting location defined by program in- 
struction set 100, After aligning component 501, con- 
trol processor 1 determines in accordance with pro- 
gram instruction set 100, FIG* 4, step 10004, whether 
component 501 is to be physically configured or pro- 

3o g rammed with a set of firmware instructions or the 
combination thereof. When it is determined that com- 
ponent 501 is to be configured or to be configured pri- 
or to programming, program instruction set 100, FIG. 
5, step 1160000, downloads the appropriate logic 

35 component placement and configuration instruction 
subset, such as configuration subset 11600, FIG. 3, 
into memory unit 31, FIG. 2, of configuring and pro- 
gramming apparatus 3, FIG. 1. Depending upon the 
particular of circuit structure being assembled, a spe- 

40 cific subset 11600, 11611, 11622 through 11633 is 
downloaded so that component 501 may be physical- 
ly configured in accordance with the requirements of 
the circuit structure. 

Robotic structure 2, FIG. 1. is directed to remove 

45 component 501 from aligning apparatus 4 aperture 40 
and insert aligned component 501 in cavity 340 of 
configuring and programming apparatus 3, FIG, 5, 
step 1 1 60001 1 Processor unit 30, step 1 160002, veri- 
fies the insertion of component 501 in cavity 340. If 

so component 501 has not been or is improperly inserted 
within cavity 340, robotic structure 2 is directed to re- 
peat the insertion process, steps 1 160003, 1 160005, 
for a predetermined number of n times. When compo- 
nent 501 cannot be inserted into cavity 340, compo- 

55 nent 501 is rejected, FIG. 5, step 1160004, and an op- 
erator located at computer terminal 7, FIG 1, is noti- 
fied via data links 123, 127 of the failure to insert com- 
ponent 501 in configuring and programming appara- 
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tus 3. When component 501 has been properly insert- 
ed into cavity 340, step 1 160002, configuration subset 
1 1600 verifies if inserted component 501 is the proper 
component, step 1 1 60006. When it is determined that 
the component is the wrong type or has been previ- 
ously improperly configured, configuring instruction 
subset 11600 notifies control processor 1 program in- 
struction set 100, via data link 123, FIG. 4, to select 
another component 501. 

After determining that a blank component 501 has 
been inserted into cavity 340, steps 1160016, 
1 160007, processor unit 30, FIG, 2, directs that power 
be applied to programmer hardware interface 33 and 
made available for application to the control leads 
3334 extending to program nest 34, FIG. 5, steps 
11600O8 T 1160009. Configuration subset 11600 con- 
trols processor unit 30 to initiate the component con- 
figure sequence by applying a first address, step 
1160010, to bus 35 r FIG. 2, to direct programmer 
hardware interface 33 to selectively aplly configure 
voltages to control leads 3334, FIG. 5, step 1 1 6001 1 , 
to perform the initial physical configuration of compo- 
nent 501 . The component configuration resulting from 
the first address is verified, step 1160012, and if the 
resulting configuration is correct, the configuration in- 
struction subset 1 1600 determines if the Jast address 
of the subset has been applied to programmer hard- 
ware interface 33, step 1160013. If the configure se- 
quence has not been completed, step 1160013, the 
current address is incremented, step 1160014, and 
steps 116001 1 through 1160013 repeated until com- 
ponent 501 has been physically configured as re- 
quired for use on circuit board 62 and in the circuit 
structure application. Control processor 1 is notified, 
step 1 160012, via data link 123, by configuration sub- 
set 1 1 600 when there is a failure to verify a configur- 
ation, Upon notification, FIG. 1 t robotic structure 2 is 
controlled to reject the improperly configured compo- 
nent 501 by removing component 501 from cavity 340 
of configuring and programming apparatus 3 and de- 
posit the removed component 501 in a rejected loca- 
tion. Control processor 1 then directs robotic structure 
2 to select another component 501 from storage de- 
vice 50 and to repeat the configuring sequence start- 
ing with step 10002 T FIG* 4, of program instruction set 
100 and continuing in accordance with configuration 
subset 1 1 600, FIG. 5. When component 501 has been 
verified as being configured in accordance with the 
last address of configuration subset 11600, steps 
1160012, 1160013, the configure voltage, step 
1 160015, is removed by programmer hardware inter- 
face 33, FIG. 2 t from leads 3334 extending to program 
nest 34. 

Control is returned to program instruction set 100, 
FIG. 4, step 10007. In some circuit structure applica- 
tions, it may be necessary to only configure a compo- 
nent. In another application, it may be necessary to 
first configure a component and then sequentially pro- 



gram the preconfigured component. In other applica- 
tions, it may be necessary to first program a compo- 
nent and then sequentially configure a preprogram- 
med component Instill yet another application, It may 
5 only be necessary to program a component. In other 
applications, it may be necessary to repeat both con- 
figure and program sequences several times to pre- 
pare the component for various circuit structure appli- 
cations. 

10 When it is determined that it is necessary to pro- 

gram a preconfigured component 501, FIG. 4, step 
1O0O7, instruction set 100 either downloads the ap- 
propriate programming subset 117XX, for example 
subset 11706, FIG. 3, over data link 123, FIG. 1, to 

15 configuring and programming apparatus 3 or directs 
configuring and programming apparatus 3 to load the 
programming subset 11706, FIG. 2, into processor 
unit 30, Processor unit 30, operating in accordance 
with loaded subset 11706, FIG. 6, step 1170000, in- 

20 sures that component 501 is inserted in cavity 340 of 
configuring and programming apparatus 3 and veri- 
fies the insertion, steps 1 170001 , 1 170002. If compo- 
nent 501 has not been or is improperly inserted within 
cavity 340, robotic structure 2 may be directed to re- 

25 peat the insertion process, steps 1170003, 1170005 
for a predetermined number of n times. If component 
501 Is not or cannot be inserted in cavity 340, compo- 
nent 501 is rejected, FIG, 5, step 1170004, and the 
operator is notified of the insertion failure. 

30 Upon verifying Insertion, component type and de- 

termining that component 501 is either blank with re- 
spect to the application of firmware instructions or is 
again undergoing another programming steps 
1170002, 1170006, 1170016, 1170007 power is ap- 

35 plied to programmer hardware interface 33 and made 
available for application to the control leads 3334 ex- 
tending to program nest 34, steps 117008, 1170009. 
Programming subset 11706 controls processor unit 
30 to initiate the component programming sequence 

40 by applying a first address, step 1 17001 0 t to bus 35, 
FIG. 2,^0 direct programmer hardware interface 33 to 
selectively apply programming voltages to control 
leads 3334, FIG. 6, step 1 17001 1, to perform the ini- 
tial programming of component 501, The component 

45 firmware installed in component 501 by the selectively 
application of the programming voltages to control 
leads 3334 by the first address is verified, step 
1170012, and If the component firmware passes the 
verification, step 1170012, programming subset 

so 1 1706 determines if the last address of the subset has 
been applied to programmer hardware interface 33, 
step 1 170013. The programming sequence is contin- 
ued, steps 1170014, 1170011, 1170012 and 
1 17001 3 T until component 501 has been programmed 

55 with the firmware required for operation in the specific 
circuit structure application. Control processor 1 is no- 
tified, step 1170012, via data link 123, by program- 
ming subset 1 1706 when there is a failure to verify a 
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programming sequence. Upon notification, FIG. 1, ro- 
botic structure 2 is controlled to reject the improperly 
programmed component 501 by removing component 
501 from cavity 340 of configuring and programming 
apparatus 3 and deposit the removed component 501 
in the rejected component location. Control processor 
1 then directs robotic structure 2 to select another 
component 501 from storage device 50 and to repeat 
the programming sequence starting with step 10002, 
FIG. 4, of program instruction set 100 and continuing 
in accordance with configuring and programming pro- 
gram instruction subsets 11600, 11706, or either as 
required, FIGS. 5 and 6. 

When component 501 has been verified as being 
configured and programmed or configured or pro- 
grammed in accordance with the last address of sub- 
set 11600, 11706, steps 1160012, 1160013 and 
1 170012, 1170013, the configuring and programming 
voltage, step 1160015, 1170015 is removed by pro- 
grammer hardware interface 33, FIG. 2, from leads 
3334 extending to program nest 34. Control is re- 
turned to program Instruction set 100, FIG. 4, steps 
10007, 10008 whichever is applicable. If configured or 
programmed or configured and programmed, compo- 
nent 501 does not require additional configuration or 
programming, steps 10007, 10008, component 501 is 
tested for the specific circuit structure application, 
step 1 001 1 . This may be accompl ished by download- 
ing the appropriate test programming sequence from 
control processor 1 to configuring and programming 
apparatus 3 which is then enabled to test configured 
and programmed component 501. In another embodi- 
ment, not shown by within the teaching of the inven- 
tion, robotic structure 2 may be controlled by control 
processor 1 to remove component 501 from configur- 
ing and programming apparatus 3 and insert it into a 
test facility which is then controlled by control proces- 
sor 1 to perform the appropriate test sequence, step 
10011. 

If the configured and programmed component 
501 fails the test sequence, step 10012, the compo- 
nent is rejected, step 10017 t and another component 
501 is selected, step 1 0002, and the assembling pro- 
cedure repeated for the new component 501. After 
passing the test sequence, step 10012, control proc- 
essor 1 , FIG. 1 , controls robotic structure 2 to remove 
the configured and programmed component 501 from 
cavity 340 and check the alignment of component 501 
by inserting the removed component 501 in aligning 
apparatus 4, FIG. 4, step 10013. After component 501 
has been realigned, control processor 1, operating in 
accordance with program instruction set 100, directs 
robotic structure 2 to remove the realigned compo- 
nent 501 from alignment apparatus 4 and install com- 
ponent 501 at the appropriate mounting location on 
circuit board 62, FIG, 4, step 10014. If all components 
have not been installed, step 10015, control proces- 
sor 1 directs robotic structure 2 to select another com- 



ponent 501, 511, 522, step 10002, and repeat the cir- 
cuit structure assembling process until ail compo- 
nents required by the circuit structure have been in- 
stalled, step 10015, at which time the process is re- 

5 peated for other circuit structures, step 1 001 6. 

The circuit structure assembling process is con- 
tinued by programming, configuring and selectively 
installing the programmed and configured compo- 
nents in real-time at the predefined locations on the 

10 circuit boards until the circuit structures have been as- 
sembled in accordance with program instruction set 
100. In assembly, several functions may be per- 
formed in the same interval of time. For example, one 
component 51 1 may be in the process of being con- 

15 figured by configuring and programming apparatus 3 
while another component 522 is being selected by ro- 
botic structure 2 from component storage 52 and in- 
serted in aligning apparatus 4. After inserting compo- 
nent 522 in aligning apparatus 4, robotic structure 2 

20 may install component 511 on circuit board 62 while 
component 522 is still being configured or program- 
med. In addition, robotic structure 2 may have multiple 
robots coupled with and operating under control of 
control processor 1. 

25 

Claims 

1. Apparatus for assembling circuit structures in a 
30 real-time continuous assembly process 

CHARACTERIZED IN THAT 
said real-time assembling apparatus com- 
prises 

means (1) responsive to a set of program 
35 instructions for controlling a robotic structure to 

select components from storage devices and 
aligning each selected component to correspond 
with an orientation required to mount the selected 
component at a specific location on circuit boards 
40 and for selectively configuring and programming 

each selected and aligned component in accor- 
dance with subsets of the program instructions 
and installing each configured and programmed 
component at predefined locations on the circuit 
45 boards to configure, program and assemble the 

circuit structure in real-time to conform with said 
program instruction set and subsets thereof. 

2. The circuit structures assembling apparatus set 
so forth in claim 1 

CHARACTERIZED IN THAT 
said real-time assembling apparatus also 
comprises 

a structure (6) for receiving and holding a 
55 circuit board while mounting components thereon 

during assembly of a circuit structure, 

storage devices (5) each configured for 
storing ones of the components to be mounted on 

7 
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the held circuit board, and 

aperture devices (4) having a plurality of 
apertures each constructed to receive ones of the 
components and position each received compo- 
nent in alignment with a mounting location de- 5 
fined by the program instructions set on the circuit 
structure. 

3. The circuit structures assembling apparatus set 
forth in claim 2 10 

CHARACTERIZED IN THAT 
said real-time assembling apparatus also 
comprises 

means (1 , 3, 34) for selectively receiving 
ones of the aligned components and electrically 15 
configuring a received one of the components to 
conform to specific physical configurations in ac- 
cordance with first subsets of the program in- 
structions set and for selectively receiving others 
of the aligned components and electrically pro- 20 
gramming the received other components in ac- 
cordance with subsets of firmware program in- 
structions defining operation of the circuit struc- 
tures wherein the firmware subsets are selected 
from the set of program instructions* 25 

4. The circuit structures assembling apparatus set 
forth in claim 3 

CHARACTERIZED IN THAT 
said real-time assembling apparatus also so 
comprises 

means (1 , 2, 3) controlled by said program 
instruction set for selecting ones of the compo- 
nents from the storage devices and inserting 
each selected component in a predefined se- 35 
quence in the aperture devices alignment aper- 
tures and in the selectively receiving and electri- 
cally configuring and programming means and in- 
stalling each configured and programmed com- 
ponent at the predefined circuit board mounting 40 
location. 

5. The circuit structures assembling apparatus set 
forth in claim 4 

CHARACTERIZED JN THAT 45 
said real-time assembling apparatus fur- 
ther comprises 

means (1,11) interconnected with the se- 
lecting and inserting means and with the selec- 
tively receiving and electrically configuring and so 
programming means for controlling the selecting 
and inserting means and the selectively receiving 
and electrically configuring and programming 
means to assemble each one of said circuit struc- 
tures in accordance with the program instruction 55 
set stored therein. 

6. A method for assembling circuit structures in a 



real-time continuous assembly process 
CHARACTERIZED IN THAT 
said circuit structure assembling method 
comprises the steps of 

selecting components in response to a set 
of program instructions in a predefined sequence 
from a plurality of components and aligning each 
selected component to correspond with an orien- 
tation defined by the program instructions set re- 
quired to mount the selected component at a spe- 
cific location on circuit boards and electrically pro- 
gramming and configuring each selected and 
aligned component in accordance with subsets of 
the program instructions set and installing each 
programmed and configured component at pre- 
defined locations on the circuit boards. 

7. The real-time circuit structure assembling meth- 
od set forth in claim 6 

CHARACTERIZED IN THAT 
said method also comprises the steps of 
receiving and holding a circuit board while 
mounting components thereon during assembly 
of a circuit structure, and 

inserting the selected components in ones 
of a plurality of apertures each constructed to re- 
ceive one of the selected components and posi- 
tion each received component on the held circuit 
board in alignment with a mounting location de- 
fined by the program instructions set. 

8. The real-time circuit structure assembling meth- 
od set forth in claim 7 

CHARACTERIZED IN THAT 
said selecting, programming, configuring 
and installing step comprises the step of 

selectively receiving ones of the aligned 
components and electrically programming the re- 
ceived components In accordance with subsets 
of firmware program instructions defining opera- 
tion of the circuit structures wherein the firmware 
subsets are selected from the set of program in- 
structions and electrically configuring other re- 
ceived components to conform to specific physi- 
cal configurations in accordance with other sub- 
sets of the program instruction set 

9. The real-time circuit structure assembling meth- 
od set forth in claim 8 

CHARACTERIZED IN THAT 
said selecting, programming, configuring 
and installing step comprises the step of 

selectively installing the electrically pro- 
grammed and configured components at the pre- 
defined locations on the circuit boards to assem- 
ble the circuit structwes in accordance with the 
program instruction set 
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10. The real-time circuit structure assembling meth- 
od set forth in claim 9 

CHARACTERIZED IN THAT 

said selecting, programming, configuring 
and installing step comprises the step of s 

controlling selection of the components 
from component storage apparatus and the In- 
serting, selectively receiving and electrically pro- 
gramming and configuring and selectively instal- 
ling steps in a predefined sequence in accor- 10 
dance with the program instruction set to config- 
ure, program and assemble the circuit structures 
to conform with the program instruction set and 
subsets thereof. 
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